Recently, many HPLC stationary phases mainly based on π-π electron interaction (π-π interaction) have been developed for the separation of π-electron-rich compounds. Those include silica gels binding Cu 2+ -phthalocyanine 1-3 and In 3+ -porphine 4,5 and pyrene 6, 7 derivatives. However, the preparation of such silica gels requires troublesome procedures 2,4,6 and the base silica gels for HPLC are relatively expensive. On the other hand, we have found that anionic metal-porphines are easily fastened on an ordinary anion-exchange resin through electrostatic and hydrophobic interactions.
Keywords Chromatography, stationary phase, ion-exchange resin, copper(II) phthalocyanine, modification † To whom correspondence should be addressed. chloropromazine, propionylpromazine, Rhodamine B, imipramine and acridine derivatives (acridine, 9-aminoacridine and ethacridine), were purchased from Sigma, Nacalai Tesque, Wako Junyaku or Tokyo Kasei Co. Ltd. Sample solutions were 4.0 mg/ml -20 µg/ml solutions in 80% methanol or water because of low sensitivity of our photodiode array detector.
Preparation of MSA-1 modified with Cu-PCS (Cu-PCS r )
Cu-PCS r was prepared by adding dry MSA-1 (4 g) into Cu-PCS solution (0.4 -10 mmol/l, 200 ml) in 50% aqueous acetone and incubating until the mixture turned colorless. [8] [9] [10] [11] [12] [13] The resultant Cu-PCS r (20 -500 µmol Cu-PCS/g dry MSA-1) was filtered, washed with water and then acetone, and dried under vacuum to obtain the Cu-PCS r . All the modified resins were stable against temperature, moisture and storage. Cu-PCS on the MSA-1 was not eluted with water and methanol at all. The Cu-PCS r was packed into stainless-steel columns (4 mm×50 mm, 4 mm×100 mm, 4 mm×250 mm and 2 mm×250 mm). As controls, 100 -200 and 200 -400 mesh MSA-1 were packed separately into a stainless-steel column.
Apparatus
The HPLC system was constructed with a Shimadzu LC-6A pump, a Rheodyne sample injector with 20 µl fix loop (Model 7125) and a Shimadzu SPD-M6A photodiode array detector with a personal computer. As a mobile phase, a mixture of methanol and water (8:2) was mainly used at a flow rate of 0.5 ml/min. The eluent was monitored between 230 and 600 nm.
Results and Discussion
To estimate the usefulness of Cu-PCS r for the separation of π-electron-rich compounds, we obtained the retention data from the Cu-PCS r column by using an HPLC. The interaction between solute and Cu-PCS was evaluated on the basis of not only the retention time (RT) but also the difference of RT (∆RT) between the Cu-PCS r and MSA-1 columns. ∆RT could be correlated to the increment of the interaction.
Separation of benzene and polyaromatic hydrocarbons (PAHs)
As shown in Table 1 , the retention times of the PAHs on the MSA-1 column had a weak tendency to be elongated as the PAHs-ring-number increased, indicating that there is a little interaction between them. The interaction could be hydrophobic and the π-π interactions between PAHs and a styrene-divinylbenzene copolymer, MSA-1. As for the Cu-PCS r column, the ∆RT increased remarkably with an increase in the ring number, indicating that the larger PAHs interacted more strongly with Cu-PCS, similarly to the case of the silica gel modified with Cu-phthalocyanine derivative. [1] [2] [3] This should be attributable to the interaction between π-electron clouds of Cu-PCS and PAHs.
As shown in Fig. 2 , we could separate two-, threeand four-ring PAHs with one another by using the Cu-PCS r column. From Fig. 2 , the Cu-PCS r column appears not to be suitable for an analytical purpose because of rather low theoretical plate number (N, around 100) but useful for a preparative purpose as a stationary phase for column chromatography or for selective trapment of PAHs.
Separation of heterocyclic aromatic hydrocarbons (HAHs)
The usefulness of the Cu-PCS r column for the separation of HAHs was then evaluated by using eight HAHs having a similar structure. As shown in Fig. 3 , when Cu-PCS r contains more than 100 µmol Cu-PCS per 1.0 g of MSA-1, the ∆RT of all HAHs on the Cu-PCS r column increased to some extent in comparison with those on the MSA-1 column. Furthermore, the ∆RT became larger as the ratio of Cu-PCS to MSA-1 increased (see Fig. 3 ). These results indicated that the π-electrons of the compounds interact with those of Cu-PCS on the 582 ANALYTICAL SCIENCES JUNE 1999, VOL. 15 Cu-PCS r column. Since water concentration of eluent generally affected the retention time of the samples, we examined the relationship between the polarity of eluent and retention times. The results are shown in Table 2 . In the cases of 9-aminoacridine, the retention times had a tendency to decrease with an increase of the water concentration of eluent. However, the retention time of Rhodamine B increased with an increase of water concentration of eluent. This result indicated that an additional interaction such as an ionic interaction took part in the retention of Rhodamine B on the Cu-PCS r , probably between a carboxylic group of Rhodamine B and remaining anion-exchange group of MSA-1. Thus, the separation of a certain compound on the Cu-PCS r column can be governed by both the electrostatic and the π-π interactions. Figure 4 shows, as examples, separation of HAHs on the Cu-PCS r column, which are not separated on the unmodified MSA-1 column. As seen from Fig. 4 , the two HAHs were separated with each other, despite extremely low N values (50 -200).
In conclusion, an ordinary anion-exchange resin, MSA-1, can be easily converted into a functional resin exhibiting the π-π electron interaction with the π-electron rich compounds including PAHs and HAHs. The modified resin Cu-PCS r , which is obtainable cheaply, can be a promising stationary phase of column chromatography for the preparation and selective trapment of π-electron rich compounds. Moreover, we could obtain the functional resin for an HPLC stationary phase by using an HPLC anion-exchange resin for HPLC. Further study is in progress in our laboratory. 
